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	 This	 study	assesses	 the	effect	of	participation	 in	NGO	programs	on	agricultural	productivity	 in	
Bangladesh.	Using	data	from	the	study	“Long-term	Impact	of	Antipoverty	Interventions	in	Bangladesh,	
2006－07,”	 farm-level	 productivity	 is	 estimated	by	 stochastic	 frontier	 analysis,	 and	 the	 effect	 of	
participation	is	estimated	econometrically	in	four	dimensions	of	participation	using	OLS,	instrumental	
variable	and	 the	control	 function	approaches.	Participation	 in	NGO	programs	 improves	 technical	
efficiency	as	measured	by	 total	 factor	productivity.	The	 intensity	of	participation	 is	 important	 for	
productivity	 improvement,	but	 the	duration	 is	not.	Participants	 in	 international	NGO	programs	have	
higher	productivity	than	those	in	national	NGO	programs.
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use	of	existing	 technologies	by	 improving	 farmers’	know-how.	These	 two	distinct	 roles	of	agricultural	





the	main	service	providers	 in	countries	where	 the	governments	are	unable	 to	fulfill	 their	 traditional	 role	
because	of	 limited	human	 resources	and	service	capacity	 (World	Bank,	2005).	 In	Bangladesh,	where	
increasing	urbanization	 is	 reducing	 the	amount	of	 agricultural	 land,	 increasing	 the	efficiency	of	 the	
agricultural	sector	 is	 important,	as	 increasing	 the	sector’s	productivity	and	growth	potential	will	create	
opportunities	to	achieve	food	security	and	reduce	rural	poverty.	Currently,	about	400	international,	national	










	 Demonstrating	 the	 impact	of	NGOs	 in	 the	agricultural	 sector	has	become	an	 increasingly	 important	
challenge	 in	 recent	 times,	especially	 in	 relation	 to	making	a	 significant	 impact	on	poverty	 reduction.	











identifying	effective	agricultural	policies.	The	present	 study	provides	policy	guidelines	 for	 sustaining	
productivity	improvements	through	NGO	extension	programs.





of	1,393	households	engaged	 in	agricultural	activities	 for	 their	 livelihoods.	The	sample	 includes	both	
participants	and	nonparticipants	in	NGO	programs.




TFP	reflects	 the	extent	 to	which	 increased	amounts	of	output	are	 feasible	 from	given	 inputs.	A	higher	
productivity	 level	of	one	 farm	household	compared	with	others	 is	necessarily	a	 sign	 that	 this	one	 is	
“performing	better”	 than	 the	others.	Therefore,	 for	a	 farm	household	 to	be	operating	at	a	 lower	 level	of	
productivity	indicates	that	there	is	scope	for	productivity	improvement.	We	use	a	stochastic	frontier	model	to	
measure	TFP	because	it	allows	us	to	separate	the	stochastic	error	 term	into	two	components:	a	systematic	





ln ln (ln (lnOutput  =  + ( Land ) + Labor ) + NonLabor )i i iβ β β β0 1 2 3  + ui i iν − , 	 (1)
where	ln denotes	the	natural	logarithm;	Output	 is	 the	total	receipts	obtained	from	output;	Land	 is	 the	total	
number	of	hectares	under	cultivation;	Labor	is	the	wage	expenditures	for	both	regular	and	casual	agricultural	






The	stochastic	disturbance	term	vi 	 is	assumed	to	be	distributed	independently	of	ui . 	Thus,	 the	error	 term	
( )v ui i i− = ε 	is	not	symmetric	because	ui ≥ 0. 	Assuming	that	vi 	and	ui 	are	distributed	independently	of	the	
explanatory	variables,	estimation	of	 the	parameters	 in	equation	(1)	by	ordinary	 least	squares	(OLS)	will	











,*TE u Y Yi i i i= −( ) =exp  	 (2)
where	Yi 	is	its	observed	output	and	
*Yi 	is	its	maximum	possible	output	given	the	available	inputs.
3-1 Estimation results of the stochastic frontier model
	 The	empirical	 results	obtained	 for	 the	stochastic	 frontier	model	of	equation	 (1)	using	 the	maximum	
likelihood	method	are	presented	 in	Table	1.	The	 intercept,	 land	and	nonlabor	variables	are	statistically	










σ u 0.2858 0.0518
σ v 0.3137 0.0181











	 The	results	presented	in	Table	1	indicate	that	the	parameter	λ 	 is	0.9115,	which	estimates	the	ratio	of	the	
standard	deviation	of	the	inefficiency	component	to	the	standard	deviation	of	the	idiosyncratic	component.	
The	 likelihood	ratio	 (LR)	 is	significant	at	 the	5%	level,	 indicating	 the	effects	of	 technical	 inefficiency.	
Technical	efficiency	is	calculated	for	each	sample	once	the	inefficiency	term	ui 	is	adjusted	so	that	technical	








Table 2 : Descriptive statistics of technical efficiency
Mean Std.	deviation Median Minimum Maximum
0.8083 0.0622 0.8159 0.3203 0.9308
Source:	Author’s	estimation	based	on	LIAIB	(2006–07)	data	for	Bangladesh




international).	The	estimation	methods	employed	for	comparing	 the	results	were	 the	OLS,	 instrumental	
variable	(IV)	and	control	function	approaches.	In	the	OLS	analysis,	we	regress	the	technical	efficiency	from	
SFA	on	the	explanatory	variables.	The	OLS	model	is
TE NGO Age Age Sex Edu FamIncomei i i i i i i = β β β β β β β0 1 2 3
2









regressors.	Second,	 they	should	be	exogenous,	 i.e.,	 they	should	be	uncorrelated	with	 the	outcome	except	
through	 their	effects	on	 the	endogenous	 regressors.	 In	 this	context,	we	considered	which	variable	1)	 is	













NGO Land Age Age Sex Edu FamIncomei i i i i i i= + + + + + + +γ γ γ γ γ γ γ0 1 2 3
2
4 5 6 ε i 	 (4)
and	the	structural	equation
TE NGO Age Age Sex Edu FamIncomei i i i i i i = β β β β β β β0 1 2 3
2



















'Yi Ti Xi i   ,= + +δ β ν 	 (6)
where	 , ,...,Yi i N =1 2 ,	 is	 the	outcome	variable;	Ti 	 is	 the	binary	 treatment	assignment	(T=1	 if	participation	
occurs,	otherwise	T = 0 );	δ 	is	a	coefficient	estimator	for	Ti 	that	is	interpreted	as	a	treatment	effect;	Xi is	a	
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vector	of	exogenous	variables;	β 	is	a	vector	of	coefficient	parameters	for	Xi ;	and	ν i 	is	an	error	term	that	has	
normal	distribution	with	mean	0	and	variance	σν
2 .	The	participation	of	 individuals	based	on	a	 set	of	
determinants	Zi 	is	specified	as
* 'Ti Zi i   ,= +γ υ 	 (7)
	 where	 *Ti 	 is	a	latent	variable,	 γ 	 is	a	vector	of	coefficient	parameters	and	υi 	 is	an	error	term.	The	latent	
variable	is	unobservable	and	its	relationship	with	Ti	is	specified	by
* ,Ti Ti Ti= > =1 0 0 if  otherwise .	 (8)
	 If	unobserved	factors	in	(7)	are	correlated	with	ν i ,	the	correlation	coefficient	between	υi 	and	ν i 	(denoted	by	
ρ )	 is	nonzero,	and,	 thus,	 the	OLS	estimate	 is	 inconsistent	 (Greene,	2008).	Then,	 the	expected	outcome	
assuming	a	normal	distribution	for	T 	become
E Yi Ti Xi Zi Xi Ti E i Ti Xi Zi
Xi Ti







β δ ρ σ         1 v Zi Zi P Ti X Zi Zi1 1 0 0 1{ (
' ) / ( ' )} ( ) { ( ' ) / (φ γ γ ρ σν φ γΦ Φ = + − −
' )} [ ( )],γ − =1 1P Ti X
	 (9)
where	the	expected	outcome	for	the	participants	is
E Yi Ti Xi Zi Xi Ti v Zi Zi[ , [ ], ] ' { ( ' ) / ( ' )}= + +β δ ρ σ φ γ γ1 1 Φ 		 (10)
and	the	expected	outcome	for	the	nonparticipants	is
E Yi Ti Xi Zi Xi v Zi Zi[ , , ]
' { ( ' ) / ( ' )} .= + − −β ρ σ φ γ γ0 0 1 Φ[ ] 	 (11)
	 Here,	ρ σν1 1 	equals	the	covariance	between	ν i 	and	υi 	for	participants;	ρ σ0 0v 	equals	the	covariance	between	
ν 0 	and	υ0 	for	nonparticipants;	φ γ( ' )Zi is	the	marginal	probability	of	the	standard	normal	distribution	at	Zi
'γ ;	
and	Φ( ' )Zi γ 	is	the	cumulative	probability	of	the	standard	normal	distribution	at	Zi
'γ .	The	third	term	of	(10)	and	
second	 term	of	 (11)	 include	 the	 inverse	Mill’s	 ratio	 to	control	 for	possible	 sample	selection	bias.	The	
difference	in	the	expected	outcome	between	participants	and	nonparticipants	then	becomes
E Yi Ti Xi Zi E Yi Ti Xi Zi[ , , ] [ , , ]= − = = +1 0 δ  selection term. 	 (12)
	 The	positive	(negative)	sign	of	the	selection	term	implies	that	OLS	overestimates	(underestimates)	δ 	and	the	





NGOi Landi Agei Agei Sexi Edui FamIncomei= + + + + + + +γ γ γ γ γ γ γ0 1 2 3
2
4 5 6 ε i 	 (13)
and	the	productivity	equation
TEi NGOi Agei Agei Sexi Edui FamIncomei = β β β β β β β0 1 2 3
2
4 5 6+ + + + + + + ui . 	 (14)
4-1 Estimation results for participation in an NGO program





The	LR	statistic	 is	significant,	 indicating	that	 the	participation	equation	and	the	outcome	equation	are	not	
independent.	Thus,	the	selection	model	produces	more	efficient	estimates	compared	with	the	IV	model.
Table 3 :  Effect of participation in an NGO program on productivity (dependent variable = technical 
efficiency)
Variables OLS IV Treatment	effects	model
Constant 0.8243*** 0.7877*** 0.7805***
Participation 0.0011 0.0303* 0.0350***
Age 0.0015* 0.0027** 0.0030***
Age2 -0.00002* -0.00003** -0.00003***
Sex 0.0179** 0.0113 0.0115
Education 0.0001 -0.0006 -0.0007*
Family	net	income -4.24e-07 3.44e-08 1.04e-07
Observation	number 549 546 546
















Note : 	The	symbols	*,	**	and	***	indicate	significance	at	 the	10%,	5%	and	1%	levels,	respectively.	The	“treatreg”	command	in	Stata	
version	11	was	used	for	the	treatment	effects	model	estimation.








4-2  Estimation results for duration of participation in an NGO program
	 We	considered	the	duration	variable	as	a	measure	of	the	extent	of	participation	in	an	NGO	program.	Duration	




Table 4 :  Effect of duration of participation in an NGO program on productivity (dependent 
variable = technical efficiency)
Variables OLS IV Selection	model
Constant 0.8267*** 0.7808*** 0.8251***
Participation	duration 0.0001 -0.0051 0.0003
Age 0.0014 0.0040* 0.0012
Age2 -0.00001* -0.00004** -0.00001
Sex 0.0178** 0.0195 0.0120
Education 0.0001 -0.0009 -0.00003
Family	net	income -4.58e-07 6.42e-07 1.08e-07***
Observation	number 549 546 701




















productivity.	All	 three	models	verify	 this	 result.	Having	 found	 that	 the	duration	of	participation	 is	not	
important	for	productivity,	in	the	next	subsection,	we	examine	the	importance	of	intensity	of	participation	for	
productivity	improvement,	using	the	program	participation	index.
4-3 Estimation results for the NGO program participation index
	 The	NGO	program	participation	index	is	the	number	of	group	meetings	attended	during	the	last	month	of	the	
survey	period.	As	most	NGOs	use	a	group	approach	for	 transferring	 information	and	 technology	 to	 the	
participants,	we	considered	 the	number	of	group	meetings	 attended	 to	be	 a	measure	of	 intensity	of	
participation.	The	empirical	results	are	presented	in	Table	5.
Table 5 :  Effect of the NGO program participation index on productivity (dependent variable = 
technical efficiency)
Variables OLS IV Selection	model
Constant 0.8326*** 0.9066*** 0.9773***
Participation	index 0.0013** 0.0584 0.0012*
Age 0.0008 -0.0050 -0.0028*
Age2 -8.15e-06 0.00005 0.00002*
Sex 0.0242*** -0.0528 -0.0060
Education 0.0008** 0.0033 0.0004
Family	net	income -7.92e-07* 1.43e-06 -1.01e-07
Observation	number 346 343 407
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treatment,	 j J= 0,  1, 2, ...., 	and	Uij zi j j li j i j
* '
= + +α δ η ,	where	zi 	denotes	exogenous	covariates	with	associated	
parameters,	α j 	and	ηij ,	which	are	independently	and	identically	distributed	error	terms.	The	indirect	utility	
function	includes	a	latent	factor	lij 	that	includes	unobserved	characteristics	common	to	individual	i’s	treatment	
choice	and	outcome	and	that	is	assumed	to	be	independent	of	ηij.	Let	 j = 0 	denote	the	control	group	for	which	
the	utility	is	Uij
*
= 0	for	generality.	Let	t j 	be	binary	variables	representing	the	observed	treatment	choice	and	
t i i i iJt t t= ( , ,..., )1 2 .	Also	let	li i i iJl l l= ( , ,..., )1 2 .	Then,	the	probability	of	treatment	is	represented	as
Pr( ( , ,..., )' ' 't z ,l ) gi i i = + + +z l z l z li i i i i J J iJα δ α δ α δ1 1 1 2 2 2 ,	 (15)
where	g	is	an	appropriate	multinomial	probability	distribution.	Specifically,	we	assume	that	g	has	a	mixed	
multinomial	logit	structure,	defined	as
Pr( ( ' )] / [ exp( ' )]ti zi ,li ) [exp 1+= + Σ +zi j J li J zi k k li k
k = 1
J
α δ α δ .	 (16)
Now	the	outcome	equation	for	individual	i,	i N=1,..., , is
E x xi j ti j j li j
j = 1j = 1
JJ
( , 'yi ti i ,li ) = + +β γ λΣ Σ ,	 	 (17)
where	 xi 	 is	a	set	of	exogenous	covariates	with	associated	parameter	vectors,	β 	and	 γ j ,	designating	 the	
treatment	effects	relative	to	the	control.	E x( ,yi ti i ,li ) 	 is	a	function	of	each	of	the	latent	factors	 lij ,	 i.e.,	 the	
outcome	is	affected	by	unobserved	characteristics	that	also	affect	selection	into	treatment.	If	the	factor-loading	
parameter,	λ j ,	 is	positive	(negative),	 the	selection	is	positively	(negatively)	correlated	through	unobserved	
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characteristics.
	 Again,	 the	 joint	distribution	of	 the	treatment	and	outcome	variables,	conditional	on	the	common	latent	
factors,	can	be	written	as
Pr( , , ( , ) Pr(yi t xi i ,li ) y i ti i ,li t i ,li )
               
i z f x i z= ×
           g= + + × + +f x i ti li zi li zi J J l(
' ' ' ) ( ' ,..., 'β γ λ α δ α δ1 1 1 i J ) 
	 (18)
The	simulated	log-likelihood	function	for	the	dataset	is
ln ( , , ln[ { ( ' ' ' ) ( ' ,l i z S
f i i i s zi li syi t xi i x) t l g? + + ? +
1
1 1 1β γ λ α δ% % ...,
















OLS IV OLS IV OLS IV
Constant 0.8302*** 0.8356*** 0.8296*** 0.8333*** 0.8311*** 0.7474
NGO	coefficient 0.0019 -0.0689 -0.0045* -0.0369 0.0036 -0.3394
Age 0.0013 0.0019 0.0015 0.0022* 0.0013 0.0045
Age2 -0.00001 -0.00002* -0.00002* -0.00002** -0.00001 -0.00004
Sex 0.0160* 0.0062 0.0159* 0.0070 0.0158* 0.0304
Education 0.00005 -0.0005 -8.63e-06 -0.0004 0.00005 -0.0016
Family	income -3.77e-07 1.55e-07 -3.59e-07 -3.02e-07 -3.79e-07 1.10e-06
Observation	number 500 498 500 498 500 498
F	statistic 1.54 0.87 2.04* 1.09 1.59 0.13
First-stage	estimation
Constant -0.0278 -0.1145 -0.2656
Age 0.0062 0.0210 0.0091
Age2 -0.00006 -0.0002 -0.00007
Sex 0.0134 0.0480 0.0742
Education -0.0055 -0.0068 -0.0043
Family	income 7.78e-06** 2.14e-06 4.37e-06
Family	land -0.0002** -0.0004** -0.00004

















significant	for	all	 types	of	NGOs	in	 the	participation	equation,	 indicating	that	 illiterate	and	less	educated	
farmers	are	more	likely	to	participate	in	NGO	programs.





Constant -7.4203*** -5.0020 -3.9056 -11.1047*
Age 0.0017 0.1545 0.1670* 0.3186
Age2 -0.00002* -0.0015 -0.0017* -0.0027
Sex 0.0068 - - -
Education -0.00008 -0.0991** -0.0619** -0.1088*
Family	income -4.07e-07 0.0001** 0.00004 0.0001*




































Field-level	NGO	workers	need	 logistic	 support	 from	 the	government	as	well	as	 from	 their	 respective	
organizations—a	role	 that	 local	governments	can	perform	with	proper	guidelines.	The	finding	that	 local	
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